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(57) ABSTRACT

A fine silver particle-containing composition includes a
large number of fine silver particles 2 and a coating layer 4
that covers a surface of each silver particle 2. The silver
particle 2 1s a so-called nano particle. The silver particle 2
has a scale-like shape. The coating layer 4 consists of an
organic compound. The organic compound binds to the
silver particle 2. The organic compound suppresses aggre-
gation of the silver particle 2. The composition 1s 1n a cake
form. A weight ratio of the organic compound with regard to
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the total amount of the composition 1s not lower than 2% but

not higher than 15%.

5> Claims, 2 Drawing Sheets
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FINE METAL PARTICLE-CONTAINING
COMPOSITION

TECHNICAL FIELD
The present invention relates to a fine metal particle-

contaiming composition, a method for manufacturing the
same, and a method for using the same.

BACKGROUND ART

When manufacturing a printed circuit board of an elec-
tronic device, patterns that connect elements are printed. A
conductive paste 1s used for the printing. The conductive
paste contains a fine metal particle, a binder, and a liquid
organic compound (solvent). An excellent printing charac-
teristic 1s necessary for the conductive paste. Excellent
conductivity 1s also necessary for the conductive paste. In
order to obtain such characteristics, extremely small par-
ticles (1.e., nano particles) are used 1n the conductive paste.

A representative metal particle 1s a silver particle. JP-A-
2008-517153 discloses a manufacturing method for obtain-
ing fine silver particles from silver oxalate.

CITATION LIST
Patent Literature

Patent Literature 1: JP-A-2008-517153

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

Metal particles are fine, and therefore are difhicult to
handle. Productivity of the conductive paste 1s not suflicient.

Fine metal particles can easily aggregate. Metal particles
that have aggregated need to be re-dispersed when used for
manufacturing a paste. This re-dispersion cannot be con-
ducted easily. The aggregation impairs a quality of the
conductive paste.

An object of the present invention 1s to improve handle-
ability of fine metal particles. Another object of the present
invention 1s to prevent aggregation of the fine metal par-
ticles.

Solution to the Problems

A fine metal particle-containing composition according to
the present invention contains a large number of fine metal
particles, and an organic compound that coats a surface of
cach particle. A weight ratio of the organic compound with

regard to the total amount of the composition 1s not lower
than 2% but not higher than 15%.

Preferably, a matenial of the particle 1s silver. Preferably,
the organic compound 1s bound on the surface of the particle.
Preferably, the particle has a scale-like shape.

A method for manufacturing the fine silver particle-
containing composition according to the present mvention
includes the steps of:

dispersing a silver compound in a carrier that 1s a liquid
to obtain a dispersion liquid;

precipitating, in the dispersion liquid, a fine silver particle
having a first organic compound bound on a surface thereof;

separating the silver particle from the carrier;

10

15

20

25

30

35

40

45

50

55

60

65

2

adding the silver particle to a liquid of a second organic
compound to bind the second organic compound to a surface
of the silver particle; and

separating the silver particle from the liquid of the second
organic compound.

A method for using the fine particle-containing composi-
tion according to the present invention includes the steps of:

preparing the fine particle-containing composition that
includes a large number fine particles and an organic com-
pound that coats a surface of each particle, such that a weight
ratio of the organic compound with regard to a total amount
of the composition 1s not lower than 2% but not higher than
15%; and

mixing the composition and a solvent that has a high
allinity with the organic compound to obtain a paste.

Tects of the Invention

Advantageous E

In the composition according to the present invention,
metal particles are dispersed 1nside a matrix of the organic
compound. Therefore, even though the metal particles are
fine, the composition has excellent handleability. The
organic compound also suppresses aggregation ol the par-
ticles.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional view showing a silver particle

and an organic compound included 1n a composition accord-
ing to one embodiment of the present invention.

FIG. 2 15 a perspective view showing the silver particle 1n
FIG. 1.

DESCRIPTION OF EMBODIMENTS

In the following, with reference to the drawings as appro-
priate, details of the present mvention will be described
based on preferable embodiments.

FIG. 1 shows a fine silver particle 2. As shown 1n FIG. 2,
the silver particle 2 has a scale-like shape. The size of the
silver particle 2 1s not smaller than 200 nm but not larger
than 10 um. The silver particle 2 1s a so-called nano particle.

In FIG. 1, a coating layer 4 1s also shown together with the
silver particle 2. The silver particle 2 1s covered with the
coating layer 4. The coating layer 4 consists of an organic
compound. The organic compound by 1tself 1s a liquid under
normal temperature and normal pressure.

Preferably, a composition containing a large number of
the silver particles 2 and the organic compound 1s 1n a cake
form. Here, a cake form refers to a state between a paste and
powder. Therefore, a fluidity of the composition 1s lower
than a fluidity of a paste. The composition does not scatter
as 1n the case with powder. Even though the silver particle
2 1s fine 1 terms of a size thereof, the composition has
excellent handleability. It should be noted that the compo-
sition may be 1n a state of a paste.

The organic compound exists between the silver particle
2 and other silver particles 2. The organic compound sup-
presses aggregation of the silver particles 2.

A representative use application of the composition 1s as
a material for a conductive paste. The conductive paste 1s
obtained by adding a solvent, a binder, a dispersant, and the
like to the composition. Since the silver particles 2 do not
aggregate 1 the composition, the silver particles 2 are
sufliciently dispersed also in the conductive paste. There-
fore, the paste has excellent conductivity and printing char-
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acteristic. When manufacturing the conductive paste, it 1s
unnecessary to use a special device for re-dispersing aggre-
gated particles.

A weight ratio of the organic compound with regard to the
total amount of the composition 1s not lower than 2%. In the
composition, aggregation hardly occurs. From this stand-
point, the ratio 1s preferably not lower than 4%, and 1s
particularly preferably not lower than 5%. When the organic
compound exists 1n an excessive amount, a degree of
freedom for adjusting components in the conductive paste 1s
hampered. From this standpoint, the ratio 1s preferably not
higher than 15%.

In the following, one example of a method for manufac-
turing the composition 1s described. In the manufacturing
method, a silver compound 1s dispersed 1n a carrier which 1s
a liquid. A representative silver compound 1s silver oxalate.
Silver oxalate can be obtaimned through a reaction of a
solution of a silver compound and an oxalate compound. A
representative silver compound 1s silver nitrate (AgNO,).
Examples of the oxalate compound include oxalic acid and
sodium oxalate. Impurities are removed from a precipitate
obtained from the reaction to obtamn a powder of silver
oxalate.

A hydrophilic liquid 1s used as the carnier. Specific
examples of the carrier include water and alcohol. Preferable
alcohols include ethyl alcohol, methyl alcohol, and propyl
alcohol. Two or more types of liquids may be used as the
carriet.

In essence, silver oxalate does not dissolve 1n the carrier.
Silver oxalate 1s dispersed 1n the carrier. The dispersion can
be enhanced through an ultrasonic-wave treatment.

An obtained dispersion liquid 1s heated. As a result of the
heating, a reaction shown 1n the following formula occurs.
In other words, silver oxalate resolves by heat.

Ag2C20422Ag+2 C02

Silver 1s precipitated as fine particles in the dispersion liquid.

An organic compound (hereinafter, referred to as a “first
organic compound”) derived from silver oxalate or the
carrier binds to the surface of the silver particle 2. The first
organic compound binds with the silver particle 2, chemi-
cally.

The silver particles 2 1s placed 1n a centrifuge. The carrier
1s removed from the silver particle 2 using the centrifuge. If
necessary, another liquid may be added to the silver particle
2, and an obtained mixture may be placed 1n the centrifuge
again. The carrier can be almost completely removed from
the silver particle 2 by using another liquid.

The silver particle 2 1s added to a liquid of another organic
compound (hereinafter, referred to as a “second organic
compound”). With this addition, the second organic com-
pound binds to the first organic compound through surface
tension and the like. In other words, the second organic
compound binds to the surface of the silver particle 2 via the
first organic compound. The second organic compound
includes: alcohols such as aliphatic alcohols, alicyclic alco-
hols, aromatic-aliphatic alcohols, and polyhydric alcohols;
glycol ethers such as (poly)alkylene glycol monoalkyl ethers
and (poly)alkylene glycol monoaryl ethers; glycol esters
such as (poly)alkylene glycol acetates; glycol ether esters
such as (poly)alkylene glycol monoalkyl ether acetates;
hydrocarbons such as aliphatic hydrocarbons and aromatic
hydrocarbons; esters; ethers such as tetrahydrofuran and
diethyl ether; and amides such as dimethylformamide
(DMF), dimethylacetamide (DMAC), and N-methyl-2-pyr-
rolidone (NMP). Two or more types of the second organic
compound may be used 1n combination.

10

15

20

25

30

35

40

45

50

55

60

65

4

Examples of the aliphatic alcohols include: heptanol;
octanols such as 1-octanol, 2-octanol, and terpineol;
decanols such as 1-decanol; lauryl alcohol; tetradecyl alco-
hol; cetyl alcohol; 2-ethyl-1-hexanol; octadecyl alcohol;
hexadecenol; and oleyl alcohol. A saturated aliphatic alcohol
or unsaturated aliphatic alcohol whose carbon number 1s not
smaller than 6 but not larger than 30 1s preferable. A
saturated aliphatic alcohol or unsaturated aliphatic alcohol
whose carbon number 1s not smaller than 8 but not larger
than 24 1s particularly preferable.

Examples of the alicyclic alcohols include: cycloalkanols
such as cyclohexanol; and terpene alcohols such as terpineol
and dihydroterpineol.

Examples of the aromatic-aliphatic alcohols include ben-
zyl alcohol and phenethyl alcohol.

Examples of the polyhydric alcohols include glycols such
as ethylene glycol, propylene glycol, diethylene glycol, and
dipropylene glycol. An alkylene glycol whose carbon num-
ber 1s not smaller than 2 but not larger than 4 is preferable.
An alcohol having 3 or more hydroxyl groups, such as
glycerin, 1s also preferable.

Examples of the (poly)alkylene glycol monoalkyl ethers
include ethylene glycol monomethyl ether, ethylene glycol
monoethyl ether, ethylene glycol monobutyl ether, diethyl-
ene glycol monomethyl ether, diethylene glycol monoethyl
cther, diethylene glycol monobutyl ether, triethylene glycol
monobutyl ether, propylene glycol monomethyl ether, dipro-
pylene glycol monomethyl ether, and tripropylene glycol
butyl ether. Examples of the (poly)alkylene glycol monoaryl
cthers include 2-phenoxyethanol.

Examples of the (poly)alkylene glycol acetates include
carbitol acetate.

Examples of the (poly)alkylene glycol monoalkyl ether
acetates include ethylene glycol monoethyl ether acetate,
cthylene glycol monomethyl ether acetate, diethylene glycol
monobutyl ether acetate, diethylene glycol monoethyl ether
acetate, and propylene glycol monomethyl ether acetate.

Saturated aliphatic hydrocarbons and unsaturated ali-
phatic hydrocarbons, which include tetradecane, octade-
cane, heptamethylnonane, and tetramethylpentadecane, can
be used as the aliphatic hydrocarbons.

Examples of the aromatic hydrocarbons include toluene
and xylene.

Examples of the esters include benzyl acetate, 1soborneol
acetate, methyl benzoate, and ethyl benzoate.

The silver particle 2 1s placed 1n a centrifuge. The exces-
sive second organic compound 1s removed from the silver
particle 2 using the centrifuge. The second organic com-
pound that has not been removed forms the coating layer 4
shown in FIG. 1. Drying of the composition 1s not necessary
alter the removal using the centrifuge. By not performing the
drying, a wet state 1s maintained for the composition. If
necessary, the composition may be dried appropriately.

As described above, a solvent and the like 1s added to the
composition to obtamn a conductive paste. The organic
compound exemplified above in relation to the second
organic compound can be used as the solvent. A high quality
paste can be obtained by using a solvent that has high atlinity
with the second organic compound. From a standpoint of
quality, preferably, the second organic compound 1s appro-
priately selected by taking into consideration a property of
the solvent that 1s to be used 1n the conductive paste. The
same solvent as the second organic compound may be
added.

For the composition, a particle consisting of metal other
than silver may be used. Examples of the metals other than
silver include gold, copper, zinc oxide, and titanium oxide.
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EXAMPLES

In the following, an advantageous eflect of the present
invention will be made clear by using Examples; however,
the present invention should not be restrictively interpreted
based on the descriptions of the Examples.

Example 1

2.8 g of silver oxalate powder was added to 300 cm” of
distilled water. The silver oxalate powder was dispersed 1n
the distilled water by conducting an ultrasonic-wave treat-
ment for 10 minutes. This dispersion liquid was heated to
130° C. and was allowed to react for 15 minutes to obtain a
precipitate. This precipitate was taken out, and water was
removed therefrom using a centrifuge. The precipitate was
added to methanol, and an obtained mixture was agitated. A
resultant precipitate was taken out, and methanol was
removed therefrom using the centrifuge. The precipitate was
added to ethylene glycol monoethyl ether acetate (ECA),
and an obtained mixture was agitated. A resultant precipitate
was taken out, and excessive ethylene glycol monoethyl
cther acetate was removed therefrom using the centrifuge.
The precipitate was heat-dried for a predetermined time
period to obtain a fine silver particle-containing composition
shown 1n FIG. 1. The composition includes a silver particle
and a coating layer. The silver particle has scale-like shape.
A particle diameter of the silver particle 1s about 1 um. The
composition includes 97.9% by weight of the silver particles
and 2.04% by weight of the ethylene glycol monoethyl ether

acetate. The composition 1s 1n a cake form.

Examples 2-3 and Comparative Examples 1-2

Fine silver particle-containing compositions of Examples
2-3 and Comparative Examples 1-2 were obtained 1n a same
manner as Example 1, except for changing the time used for
centrifugal separation. The amount of 2-ethoxyethyl acetate
in each of the compositions 1s shown in the following Table

1.

Reference Example

Silver particles 1n a powder form were prepared.

Examples 4-6 and Comparative Examples 3-4

Fine silver particle-containing compositions of Examples
4-6 and Comparative Examples 3-4 were obtained in a
manner same as Example 1, except for changing ethylene
glycol monoethyl ether acetate (ECA) to carbitol acetate
(CA), changing the time used for centrifugal separation, and
using an amount of carbitol acetate (CA) shown in the
tollowing Table 2 for each of the compositions.

Examples 7-9 and Comparative Examples 5-6

Fine silver particle-containing compositions of Examples
7-9 and Comparative Examples 5-6 were obtained 1n a
manner same as Example 1, except for changing ethylene
glycol monoethyl ether acetate (ECA) to methanol, chang-
ing the time used for centrifugal separation, and using an
amount of methanol shown in the following Table 3 for each
of the compositions.

Examples 10-12 and Comparative Examples 7-8

Fine silver particle-containing compositions of Examples
10-12 and Comparative Examples 7-8 were obtained 1n a
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manner same as Example 1, except for changing ethylene
glycol monoethyl ether acetate (ECA) to dipropylene glycol
methyl ether (DPGME), changing the time used for cen-
trifugal separation, and using an amount of dipropylene
glycol methyl ether (DPGME) shown in the following Table
4 for each of the compositions. The compositions of
Example 12 and Comparative Example 8 are 1n a paste form.

Examples 13-15 and Comparative Examples 9-10

Fine silver particle-containing compositions of Examples
13-15 and Comparative Examples 9-10 were obtained 1n a
manner same as Example 1, except for changing ethylene
glycol monoethyl ether acetate (ECA) to N-methyl-2-pyr-
rolidone (NMP), changing the time used for centrifugal
separation, and using an amount of N-methyl-2-pyrrolidone
(NMP) shown in the following Table 5 for each of the
compositions. Each of the compositions of Examples 13-15
and Comparative Example 10 1s 1n a paste form.

Examples 16-18 and Comparative Examples 11-12

Fine silver particle-containing compositions of Examples
16-18 and Comparative Examples 11-12 were obtained 1n a
manner same as Example 1, except for changing ethylene
glycol monoethyl ether acetate (ECA) to terpineol, changing
the time used for centrifugal separation, and using an
amount of terpineol shown 1n the following Table 6 for each
of the compositions.

Examples 19-21 and Comparative Examples 13-14

Fine silver particle-containing compositions of Examples
19-21 and Comparative Examples 13-14 were obtained 1n a
manner same as Example 1, except for changing ethylene
glycol monoethyl ether acetate (ECA) to 1sopropyl alcohol
(IPA), changing the time used for centrifugal separation, and
using an amount of 1sopropyl alcohol (IPA) shown in the
following Table 7 for each of the compositions.

Examples 22-24 and Comparative Examples 15-16

Fine silver particle-containing compositions of Examples
22-24 and Comparative Examples 135-16 were obtained 1n a
manner same as Example 1, except for changing ethylene
glycol monoethyl ether acetate (ECA) to ethylene glycol
monophenyl ether, changing the time used for centritugal
separation, and using an amount of ethylene glycol mono-
phenyl ether shown in Table 8 for each of the compositions.

Evaluation of Conductivity

A solvent, a binder, and a dispersant were added to the fine
silver particle-containing compositions, and obtained mix-
tures were agitated to obtain conductive pastes. Wirings
were printed using these conductive pastes. Then the wirings
were sintered. Electrical conductivities of these wirings
were measured. The results are shown as indices in the

following Table 1 to Table 8.

TABLE 1
Evaluation Result
Ref. Comp. Comp.
Ex. Ex. 1 Ex.1 EBEx. 2 Ex.3 Ex 2
State Powder Cake Cake Cake Cake Cake
Amount of ECA 0 1.12 2.04 641 14.8 16.0

(% by weight)
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TABLE 1-continued

Evaluation Result

US 9,545,668 B2

Ref. Comp. Comp.
Ex. Ex. 1 Ex.1 Ex.2 Ex.3 Ex 2
Conductivity 1.00 1.02 1.31 1.29 1.26 1.03
(index)
TABLE 2
Evaluation Result
Comp. Comp.
Ex. 3 Ex. 4 Ex. 3 Ex. 6 Ex. 4
State CAKE CAKE CAKE CAKE CAKE
Amount of CA 1.13 2.12 7.20 15.0 16.3
(% by weight)
Conductivity 1.05 1.41 1.23 1.21 1.05
(index)
TABLE 3
Evaluation Result
Comp. Comp.
Ex. 5 Ex. 7 Ex. 8 Ex. 9 Ex. 6
State CAKE CAKE CAKE CAKE CAKE
Amount of 1.46 2.23 6.50 14.9 15.3
methanol
(% by weight)
Conductivity 1.03 1.23 1.21 1.20 1.05
(index)
TABLE 4
Evaluation Result
Comp. Comp.
Ex. 7 Ex. 10 Ex. 11 Ex. 12 Ex. 8
State CAKE CAKE CAKE  PASTE  PASTE
Amount of 1.31 2.13 7.41 14.8 15.9
DPGME
(% by weight)
Conductivity 1.08 1.30 1.25 1.21 1.02
(index)
TABLE 3
Evaluation Result
Comp. Comp.
Ex. 9 Ex. 13 Ex. 14 Ex. 15 Ex. 10
State CAKE  PASTE PASTE PASTE  PASTE
Amount of NMP 1.12 2.04 6.41 14.8 15.7
(% by weight)
Conductivity 1.01 1.29 1.20 1.19 1.06
(index)
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TABLE 6

Evaluation Result

Comp. Comp.

Ex. 11 Ex. 16 Ex. 17 Ex. 18 Ex. 12
State CAKE CAKE CAKE CAKE CAKE
Amount of 1.12 2.04 6.41 14.8 15.7
terpineol
(% by weight)
Conductivity 1.03 1.40 1.32 1.29 1.02
(index)

TABLE 7
Evaluation Result

Comp. Comp.

Ex. 13 Ex. 19 Ex. 20 Ex. 21 Ex. 14
State CAKE CAKE CAKE CAKE CAKE
Amount of IPA 1.12 2.04 6.41 14.8 15.7
(% by weight)
Conductivity 1.01 1.35 1.25 1.23 1.06
(index)

TABLE 8
Evaluation Result
Comp. Comp.
Ex. 15 Ex. 22 Ex. 23 Ex.24 Ex.16

State CAKE CAKE CAKE CAKE CAKE
Amount of 1.12 2.04 6.41 14.8 15.9
ethylene
glycol
monophenyl
ether (% by weight)
Conductivity 1.05 1.30 1.23 1.21 1.03
(index)

As shown 1n Table 1 to Table 8, the wirings obtained from
the fine silver particle-containing compositions of the
Examples have excellent conductivity. This 1s a result of
having less aggregation of the silver particles. The advan-
tage of the present invention 1s obvious from these evalua-
tion results.

INDUSTRIAL APPLICABILITY

The fine metal particle-containing composition according
to the present invention can be utilized in use applications
such as a paste for printed circuits, a paste for electromag-
netic wave shielding films, a paste for electroconductive
adhesives, a paste for die bonding, and the like.

DESCRIPTION OF THE REFERENCE

CHARACTERS
2 ... silver particle
4 ... coating layer

The mvention claimed is:

1. A fine silver particle-containing composition compris-
ing a large number of fine silver particles having a scale-like
shape, and an organic compound that coats a surface of each
particle, wherein a weight ratio of the organic compound
with regard to a total amount of the composition 1s not lower
than 2% but not higher than 15%, said organic compound
including a first organic compound chemically bonded to a
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surface of the silver particle, and a second organic com-
pound physically bonded to the first organic compound on
the silver particle by surface tension, wherein said second
organic compound 1s at least one selected from the group
consisting of ethylene glycol monoethyl ether acetate, car-
bitol acetate, methanol, dipropylene glycol methyl ether,
N-methyl-2-pyrrolidone, terpineol, 1sopropyl alcohol and
cthylene glycol monophenyl ether, wherein said silver par-
ticle 1s a precipitate obtained by dispersing a silver com-

pound 1 a carrier selected from the group consisting of 10

water and an alcohol to form a dispersion and heating the
dispersion.

2. The composition of claim 1, wherein said fine metal
particles have a particle size not smaller than 200 nm.

3. The composition of claim 1, wherein said fine metal
particles having the scale-like shape being a thin tlat or flake
shape.

4. The composition of claim 1, wherein said alcohol 1s
selected from the group consisting of ethyl alcohol, methyl
alcohol, and propyl alcohol.

5. The composition of claim 1, wherein the silver com-
pound 1s silver oxalate.
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